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ABSTRACT 

A s i n g l e  r o t a t i o n ,  two maneuver g r a v i t y - g r a d i e n t  dump 
# 

p r o c e d u r e  can  b e  used  to dump t h e  CMG momentum produced  b y  
g r a v i t y  t o r q u e .  
n e s s  to m a x i m i z e  t h e  s o l a r  v iewing  t i m e .  

Maneuvering i s  done o n l y  d u r i n g  o r b i t a l  dark- 

For small  v a l u e s  of 8 ,  a l l  t h e  momentum accumula t ed  
d u r i n g  s o l a r  v iewing  can be  dumped d u r i n g  o r b i t a l  d a r k n e s s .  
l a rger  v a l u e s  of B ,  r e a c t i o n  t h r u s t ' i s  needed to supplement  
g r a v i t y - g r a d i e n t  dumping i n  order t o  p r e v e n t  CMG s a t u r a t i o n .  

dump p r o p e l l a n t  r e q u i r e m e n t  f o r  a 28 day ,  50 i n c l i n a t i o n ,  
230 NM c i r c u l a r  o r b i t  f rom a p p r o x i m a t e l y  3110 l b s .  to 75 l b s .  

F o r  

G r a v i t y - g r a d i e n t  dumping r e d u c e s  t Q e  r e a c t i o n  t h r u s t  

Aerodynamic t o r q u e s  a l s o  p roduce  b i a s  momentum which  
must  b e  dumped, p a r t i c u l a r l y  i n  e l l i p t i c a l  o r b i t s .  
of t h i s  e f f e c t  i s  now under  s t u d y  as w e l l  as whether  or n o t  t h i s  
b ias  momentwm:can b e  g r a v i t y  g r a d i e n t  dumped. 

The magni tude  
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SUBJECT: G r a v i  t y - G r a d i e n t  Momentum 
.Dumping for a CM~SM/LM-ATM , 

M i s s i o n  

DATE: September  6,  1968 . I  

FROrui: w. Levidow 

MEMORANDUM FOR F I L E  

S o l a r  v i ewing  b y  t h e  CM-SM/LM-ATM r e q u i r e s  p o i n t i n g  
t h e  v e h i c l e  o u t  o f  t h e  o r b i t a l  p l a n e  toward t h e  s u n .  I n  t h i s  
a t t i t u d e  a g r a v i t y - g r a d i e n t  b i a s  t o r q u e  a c t s  a l o n g  a n  a x i s  
l y i n g  i n  t h e  o r b i t a l  p l a n e  and p e r p e n d i c u l a r  t o  t h e  l o n g  a x i s  
of t h e  v e h i c l e .  T h i s  b i a s  t o r q u e  p r o d u c e s  a u n i d i r e c t i o n a l  
CMG momentum change which must b e  p e r i o d i c a l l y  dumped b e f o r e  
s a t u r a t i o n  i s  r e a c h e d .  

The b i a s  momentum change d u r i n g  any i n t e r v a l  o f  
kime i s  p r o p o r t i o n a l  t o  t h e  s i n e  of t w i c e  t h e  a n g l e  be tween 
khe  o r b i t a l  p l a n e  and  t h e  long  a x i s  of t h e  v e h i c l e .  Dur ing  
s o l a r  v i ewing  t h i s  i s  t h e  ang le  B between t h e  o r b i t a l  p l a n e  
and t h e  e a r t h - s u n  l i n e .  I f  d u r i n g  o r b i t a l  d a r k n e s s  t h e  v e h i c l e  
is r o t a t e d  t o  a new a n g l e ,  such  t h a t  t h e  s i n e  of  t w i c e  t h e  
a n g l e  changes  s i g n ,  t h e  g r a v i t y - g r a d i e n t  t o r q u e  r e v e r s e s  
d i r e c t i o n  and momentum dumping r e s u l t s .  
o c c u r s  when t h e  v e h i c l e  makes a n  a n g l e  of  45 w i t h  i t s  o r b i t a l  
p l a n e .  

Maximum dumping r a t e  

R o t a t i n g  t h e  long  axis  of t h e  CM-SM/LM-ATM t o  and 
from t h e  a p p r o p r i a t e  dump a t t i t u d e  r e s u l t s  i n  a s i n g l e - a x i s ,  
two-maneuver dump p r o c e d u r e .  

* 
Atmospher ic  d e n s i t y  v a r i a t i o n s  a l o n g  t h e  o r b i t  a l s o  

p roduce  a b i a s  t o r q u e .  For  c i r c u l a r  o r b i t s ,  t h e  d e n s i t y  
v a r i a t i o n s  a r e  due ma in ly  t o  t h e  d i u r n a l  b u l g e  and t h i s  re- 
s u l t s  i n  a small b i a s  t o r q u e .  F o r  e l l i p t i c a l  o r b i t s ,  ex t r eme  
d e n s i t y  v a r i a t i o n s  due t o  changes i n  a l t i t u d e  pr;oduce a con- 
s iderable  b i a s  t o r q u e  ( r e q u i r i n g  r e a c t i o n  t h r u s t . d u m p  p r o p g l l a n t  
p O S s T b i l i t y  i n  e x c e s s  of 200  l b s .  w i t h o u t  g r a v i t y  g r a d i e n t  dump- 
ling). F u r t h e r  s t u d y  of t h i s  e f f e c t  i s  r e q u i r e d .  

. -  
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For maximum u t i l i z a t i o n  of o r b i t a l  d a y l i g h t  f o r  
s o l a r  e x p e r i m e n t s ,  dump maneuvers a r e  per formed o n l y  d u r i n g  
o r b i t a l  d a r k n e s s .  Torque f o r  t h e  ~ n a n e u v e r  i s  o b t a i n e d  b y  
c o n t r o l l i n g  t h e  r a t e  of change of  t h e  CMG a n g u l a r  momentum 
v e c t o r .  Th i s ‘  v e c t o r  can  b e  v a r i e d  from zero to a p p r o x i m a t e l y  
6000 f t - l b - s e c  i n  any d i r e c t i o n  b y  means o f  g i m b a l  t o r q u e s  on ~ 

each  of t h e  t h r e  g y r o s .  A l l o t t i n g  a momentum change of  
4500 f t - l b - s e c ( l 7  f o r  each  mjtneuver p r o d u c e s  a v e h i c l e  r o t a -  
t i g n a l  v e l o c i t y  o f  0 . 6  / s e c .  The maximum maneuver a n g l e  of  
90 r e q u i r e s  a maximum maneuver t i m e ,  i n c l u d i n g  a c c e l e r a t i o n  
and d e c e l e r a t i o n ,  o f  2 . 5  m i n u t e s .  Neg l ig ib l e  dumping o c c u r s  
d u r i n g  t h i s  maneuver t i m e .  

- 

The p e r i o d  of  o r b i t a l  d a y l i g h t  i n c r e a s e s  as B i n c r e a s e s  
u n t i l  a t  some v a l u e  o f  B ,  d e t e r m i n e d  by  t h e  o r b i t a l  h e i g h t ,  t h e  
o r b i t  l i e s  c o m p l e t e l y  i n  d a y l i g h t .  Hence an  i n c r e a s e  i n  B r e s u l t s  
i n  a d e c r e a s e  i n  t h e  p e r i o d  of o r b i t a l  d a r k n e s s  and  t h u s  a d e c r e a s e  
i n  t h e  dump c a p a b i l i t y .  

For  small v a l u e s  of B ,  a l l  of  t h e  momentum accumula ted  
d u r i n g  s o l a r  v i ewing  can  be g r a v i t y - g r a d i e n t  dumped d u r i n g  
o r b i t a l  d a r k n e s s .  For l a r g e  v a l u e s  o f  B ,  t h e  momentum accumu- 
l a t e d  d u r i n g  s o l a r  v i ewing  exceeds  t h e  dump c a p a b i l i t y .  The 
e x c e s s  c a n  b e  dumped b e f o r e  t h e  a c c u m u l a t i o n  reaches s a t u r a t i o n  
by means of a r e a c t i o n  t h r u s t  t o r q u e .  R e a c t i o n  t h r u s t  dumping 
may b e  s c h e d u l e d  once  p e r  o r b i t  d u r i n g  o r b i t a l  d a r k n e s s  or l e s s  
f r e q u e n t l y  as r e q u i r e d .  

The dumping c h a r a c t e r i s t i c  for a 2 3 0  NM c i r c u l a r  o r b i t  ’ 

was s t u d i e d  (1) as b e i n g  r e p r e s e n t a t i v e  o f  t h e  p o s s i b l e  CM-Si’/r/ 
LM-ATM m i s s i o n s .  The r e s u l t s  a r e  shown i n  t h e  accompanying 
f i g u r e .  For If+30°, t h e  dump c a p a b i l i t y  exceeds  t h e  momentum 
accumula t ed  d u r i n g  s o l a r  viewingoand no r e a c t i o n  t h r u s t  p ro-  
p e l l a n t  i s  r e q u i r e d .  For I f i l > 3 0  t h e  gump p r o p e l l a n t  r e q u i r e -  
ment i n c r e a s e s  to a m a x i m u m  a t  l B / = 6 9 . 6  , a t  which t i m e  t h e  comple t e  
o r b i t  l i e s  i n  d a y l i g h t .  

The r a n g e  o f  13 e n c o u n t e r e d  d u r i n g  a m i s s i o n  depends on 
t h e  l a u n c h  d a t e ,  o r b i t  i n c l i n a t i o n ,  and m i s s i o n  d u r a t i o n .  Hence 
t h e s e  f a c t o r s  a l s o  d e t e r m i n e  t h e  t o t a l  r e a c t i o n  t h r u s t  dump . 
P r o p e l l a n t  r e q u i r e d  p e r  m i s s i o n .  The fo l lowing’  t a b l e  shows t h e  
maximum dump p r o p e l l a n t  r e q u i r g m e n t s ,  depend ing  ‘upon l aunch  d a t e ,  
for a 28 day m i s s i o n  w i t h  a 50 i n c l i n a t i o n  c i r c u l a r  o r b i t .  

f 2 Moments of I n e r t ‘ i a  ( s l u g - f t  ) o f  t h e  CM-SM/LM-ATM are :  
S h o r t  a x i s  4 . 1 4  x l o 5  (Dump maneuver r o t a t i o n a l  a x i s )  
Long a x i s  1 . 6 6  x 105 
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O r b i t a l  H e i g h t  

200 Ny 

R e a c t i o n  T h r u s t  Dump Propellant, l b s .  
Without  G . G .  WTth G . G .  

Dumping Dumping 

341.5 2.4  

300 NM 327.8 33.9 

400 NM 322.4 76.5 

These  p r o p e l l a n t  s a v i n g s  a r e  r e p r e s e n t a t i v e  of t h e  
s a v i n g s  e x p e c t e d  o v e r  t h e  r ange  of o r b i t s  examined for t h e  
d e c o u p l e d  m i s s i o n .  

10 22-WL-ms 

At t achmen t .  

W .  Le.Vidow 
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BELLCOMM, I N C .  

R e f e r e n c e s  - 

1. Levidow, W . ,  " S i n g l e  A x i s ,  Two Maneuver G r a v i t y - G r a d i e n t  ' . 

Dump Procedure  f o r  AAP-ATM M i s s i o n s , "  Bellcofim Memorandum 
for F i l e ,  i n  p r e p a r a t i o n .  
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